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TABLE 1

Mosaic Array Attributes

Pixel format ............... 58x62
Pixel spacing .............. 75 pm
Photoconductor material.. Si:Ga
Multiplexer read mode-... Random access; direct output
Multiplex ratio ............ 1798 pixels / output channel
Well capacity .............. 3x106 e-
Responsivity ............. < 0.4 A/W
Uniformity ................. < 5 % rms

-Read-out noise is below LSB of 12 bit full-well
conversion
bManufact..rcr gcal of iigh pixel response uniformity

was obtained at the expense of lowered responsivity
(private communication with manufacturer, Santa Barbara
Research Corporation).
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A tll lt Alt-Hed illitial obscl.Vilig \Nas elcc- With thc clockiiw. We tiiiie tit(- iiiiiplittidc (27 alid
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cellatioli I& tit(, back"n)IIIA "i"llill ill tit(- positke mid
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(be aflo-Ocd (.11 11111cl. 1 0.04 8.9

-kill SJ)vrfl-( lIIffv1- Optics 15 1.10 10.7
I h 30 2.24 12.3

'I'll(- (ytics dcNh ii siiiiiiimi-lized ill Table 2 is based ()It it 45 3.38 13.7

NaCl pi-isiti. A pi-isiii was its tit(- dispei-sill", (-1('- 60 4.52 14.5

111clit fill. (yvl-iltioll wcl- i bnmd wa\clcw4tlI I-allge (9 to I I

Llll) )\ct- whid) it ',II-atifli4 \m-\ "llbstall- Prism material ...... NaCl

tiitli\,. Oill- dc"livil ll ls It() (.1-\(n4cilicillk (-()()Icd F_, ....... ......... 270 mm

pad"'. I I In\ (.\ cr it "i 11 II)lt bhwk- ilig .shlith-l- is F ... ... ............. 7 5 min
Lyot stop diameter.. 10 mm

f,()I- filtill-v desiglis to) flcilitMc tcstila . Ill (-()It- Slit dimensions ..... 0.9xl6 mm
,,tI.Il(.tiIIi4 the optics (Sellsol-s Systclils GI-ollp, Walthaill, 3.3x58 pixels
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FI-2-Th I pcctrnc(tvr tijti(N. shiosmi iiistrtc(I i-ildtiv to its attitiidvas Ilioiiiited it) lt(, dewar. Thew oatcrial tused f'or construiaton is AL the( mirror
'uirtici I af -. tIl s "it N lit\F ( if)5 isihito ii hmiirror assciiobihis pro\ ill( sitress I( lief b\ dccophiot tlf( mirror siurfaces fromi the subhstrate moiuntimsi

II)III III NAu A1 jIu II I'm I el ill pIa ii h pl sil-'s stud. Thc assuuIIls \%as built t(.ol* csir _I i Ies t Suiisors S.\stcIn ii (.iup of\ \althauill MA.

3.2 Vihs'tn ~fp )l (II ll 111c'1 withtout st ccess .'I'llis Illay lbe (Inc to scattering iliter-ial to
)ptici linitulent c onsists of enisilring thlat the (iewmtr the spctr-oitter of' aut apprecciahie compon(iuent of liack--

fild (f % i(W is c('tter i O lte tvlvs5tt)1 )t .stcttjtth-NIirvut- grottutti signtal fr-ont ottsidc( of' the rcfl&'ctilu muirror solidi
1,01. T'his is accoulitjtisicd~ lisiltg thec signal of' it 5('i('tcd( angle.
piwi ' reult ing frloim at W~illiut r'itdiatinl so(ilt-e potsitionted at
the tceiescopc e (couut(Lr\ miirrour. 1k~ (IiSjf)ia\jltg this Signal 3.3 Back-(,oufd Stibtraction
oliat si 5ioiscuij)( it Itdli Ittax1miiti/.ed b\ il tintg a refl('(t- Suohtractio oF the sk\ andi telescope backgrounud firotil

itgi Ilitr'i. Tlue Widitspracid alterntativi uthi)i (if dijust- tite soltrie frauttes is ('fh'ct I ated b\ cInipiing tile see-

mitt of, the reflectinig mtirrior for tutininutit ba~ckgroundt ottdarx\ ill i r1or of ~the( tei('scipe att :3 ii,.. Thec chop (lirectitin
signal (vittold fire tL(Iflh radiat ion .5011* %'itas attetljlpt('( is ahutig tihe nttit/siiut axis ats is till orienitation iii thec
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slit lenizth. After st-scii pair, of sir int ud b lanik sk\ Poly st yr en e Re fe ren ce
chops,)5 data (ttllectiottt is sttsja':itiitl ' fst;, (li diilh-rctt( c 10UU

of' the fratties (tiatIdltd ito tilt- 1t) choilp ttgistcrs arv 13

transferredl to c( ttttr. IThi se wilm is rttj dt~ 201)213 1
titmes for1 ifd ht?(letscttp poitttti. Ili( ttltscttjc is tOwn 75 7
Ilpdted. Ctiaren \it it-stilt ill 'dlltin th chpald
atltlit(l. ( Xil-c wam t isatc tte itil eutsili
spatj~illsern ofli it( soltire onI coination of, the 50
pt'sitist- and nctgativ source filralies. Nt tdlng tle tIe-
scope removes first-order spatial variation of' the hack-

, oud.Th 2 fam timfes erteesop nd osti25
are i ransporteil oil the inounltaitl 1t.. subs5teuet i)Bocess- O
:3. 4 Optical Calibration: Positionlal

Trhe array plate scale and waeeghcaiirationls relate Measured
to array pixel spacing andl optics magnification and disper- 1 00 1 1 11111V V
sioti listed in 'rahle 2. Trhe array plate scale was verified by
movming at p)oint source by fixedl telescope pointinig mer-

inents. The ON~' per pixel slope of' the fit to fte point- 7
source spatial peaks aid telescope pointing offsets is c-on-
sisteiit with the telescope plate scale (T~27 min '), the s
pixel spacing., andl the spectrometer magnification. 5

:3.5 Optical Calibration: Spectral
PlylstN remi film was inisertedl into the telescope b~eam 25

at the (ewar Witdo-w with at backgroutnd source inl vew.
-FTe polvstyi( i- spectrum shown inl the lower panel of'

Vi-aIc.3 was geer tas the( ratio ofblackground source 0it gcneratel, nI

spectra w.ith and without p)olystyrene inl the heam; also9 10 11 12 13 14
shotwmi is a refertence spetrum s\ nthesized front data WavelIen g th ( M icrons)
supplied with the p~olystyrene which also included -wave-
lengths f'ir the principal f-attires (Beckma Fntuens it 3-Spectra of' ptdN sts re-li calIihratiton flii restilit frttmi ati txpti-

file., Irvine. CA). Four weak anid at single strong adbsorp- sure itt Nars as at Itackgrttiid soutrce. Inistrumienital re'spontse and( atmito-
spheric transtiio %IJ ariationts with waselentittf art eiintatedl iii the

titit fl-atire labeled 11, 12, 13, 13', and 13" are visible on ratio ot' spectra with altti withoiutt pttlstyrt'tic itt the teItesctope hicatri
the refe-retnce sp~ect rum tand have,( wave-lengths li sted inl (httt patiel). The reference spetrttni titot patti- is st nthesizeti from
Table :3. The ImIage Reduction and Analysis Facility data supplied Iw the tmanuifactiurer iii the ptlystyrene sample. AhIsttrp)-

(1 hAF)' -was iised to fit the absorption wavelenigths ill tittt feature idetttificatittts ciorrespondit to thitse of Tahit :3. The spectral

pixel coot rd i nates and~ to interpolate the original flutx samr- resoltui ti 1it not otiimial sinice the iiackgrtii nt sntret- (Nars) was image~d
ot ita 3 -witit slit atit slit width ats smiall ats I" tias Itt tusetd undter the

ples tonto a it eatr wave-lengt Ii grid of'0. 109-si mu spacing. approipriatte CIIIItit ii is itt at iospheric secitlg. flt- spcedral fllx saits
This procedure w.as ap)pliedl to all spectra iliscttssed subsc- hiae fuit-nitttrpolattdtontotitia linear wasueletigth irid using thet IR1AF

(ptently. Excerpted v'alues of the wavelength calibration Otetispec package.

are listed in Table 2 where 45 pixels are seen to be inl the
itsefitl range of' atmospheric tranmtisisti. Calculated TABLE 3
pixel waveclengths based onl valuecs of (n /(/, for NaCI and Polystyrene Absorption Wavelengths
the spectrometer dlesign are published elsewhere (LeVan
and Sloan 1987). The calculated waveletngths are inl good
relat-"vc agreemnt with the polystyrene calib~ration (us- Reference ( pm)
ciisseil here.

The spectral resolution illtistrated by the polystyrene 11 9 .35

spectra is for at relatively large slit widlth (T'" at the p~resent 12 9 .73
13 11.03
13' 11.91

I K/s is iiistriiiitei 1)\ Natittial O ptical Ast riut lN (i strvattrit . 1 3 ''1 3 .28

%hiich is topteratedt lIn ti- Assoitaiitin f itt Universitit s f-or Heseartit itt

.%strtitiutr. Inc., tiler conrtractt t ht Natiotnal Scientce Founditationi.______________________________________________
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tteltescope plaI 5ittscle' I i Istit (( prim. ti o(-r\ ottticil-li co\ l has, tli(- rcsiu 1 tiiit' tot the' sky. mlidIctsttpt' batkgootids
ing the Sj)t'ctroiter. I hlmt'xtl., slit \% tlths as smalit s I" rtlidvt (its opposed to the( caise. of coadltiiig the frii'taes i

Sp(co.trai It'solitioit uising the T" slit is all atpprotximte~tt titilitti tihe (-oadili an fiK theItilk lt' ificct'ptdille valties
*tf t-- l' :3 \%-4rse tIian tit (It'5idsk~I iroal Lit m it\ t'\petct forl c'di pixel is uised( iii the( calcuilationi of'tht' average, fi'le
itigitr r-t'sollntioits for smtalier slit \%its. sumfliii' teSiflari's of, pixel Signa~ls is uisetd fow tit' caictila-

It is~ also) of, initerest to Illott' that tite p ivstr(it spect ra t ioit( I(II ti staLltlir(lI(I( it' t tioni ( f tlIt i citIt. 11it standalird
obtaineid ill j iol 19'" tisilng Mars ats a hdcktioimitl smlc (It'' iatioiis ()tittt Ilicl('l are tite form11al Iiitcertaiiities for
art'c spatiallk ct'xt(ltlt(\ ovr itlplroximitl\ l0() ililtil s ili(llt atllk5is.

at sipttrall\ str it-tirt'tl ixteideld( Sotirle. Tels* spctra -4.2 A tmlo.5)IlicricC .'i-I(t iol (Y('fi-iits
exiit a shtift to slittr wax tlt'igtlts to tilt( north anmd Anl iVVI'ragt' sptct-ai corrtectioni for me1anl atiispheric
indticat t ariotatinal iliisalit-1l iitt'it iittwe'i titt' slit t'dlt's andt inlst riiiieital spctral variatins wa'is app~lietd to all
midt sit-ritt-tr axes it', def ilitt by tlti. 1)isll oiitati pixels iiitlltlits j~p'iie iclaii to the slit lttig axis. Next,

S IStiiti Mid1 mia it' c asil' citiitctttl ill t'xtt'iidelt'(l lrct coeificients that accoiunit for diffe'reinces f'rom tit( iaveratge
tibscrN atioits Ir.i"' tue( fl'I\-co!Isceiuog itotationual Opel-- spectral coirrtction. Finally, (millins of Spectral pixels
'Itioi' iii till' IIAI'. wir oiiiltiplied bi\ flit'ii inve'rste i-tlativt responses as

:3fj I/ox (.librotioo detettrined't b\ the sky emnissioni flats.

)iisi'i- ations of' lir;git. variahit' inifarctl statrs wt'rt 1j3 13otitionl Misadliolnelit C7irr-ciolo
milatc at \aruiotis posititons alongv thet 5jpctriiiictt'r slit. Thle A I' mnisaliginiitnt of' the pi-ismi axes rela~tive to the(
relative signlls fbi- spectral pixtls at ittl slit posittion otositi airav edIgts resolts ilt systtematic chtangtes ill the'
ricstImt ill ciitii'(tiii cnt'ffciciits lowr atiltoslitric anitll- stipt's of' spectral ro~ws of' pixels ahouit the( peak spectral
struiliictal tiiall"Iliss~itil variaitionis wxith wav('lt'igtii fil row. l'Th' eflo'cts of lth rotationial miisalignmiient are, also
tin' ilIttait detector rt'spoitsivitx, variationt witl wave- ci'ieh't hv shifts i f 'Iwk spatial emiissionl with wavelength
lt'ii.ti. tlit nd fo jpixtl-to-Jpixtl variaittions ill rt'splilsiit\ . ini thitnioiit of"0.( 12 spatial p~ixt'l per spetctral pixel. We
.IuTh 5t(.llall 1ltix-hastil calihratioin is otiiil'( w.itht lottgt'r corre'tct for- thte imisalignmnent by reniovin g the slope resid-
iiittgratioits on riotivariahie standat~rdl stars (' .- (x Boiotis, lials Ilsilig aittintlel that assimditit atssian forin f'or tihe

that overlaps allv (IFi the afoiiit'itioii't potsitionis. Sky- iani e'xponuenlt iii ioir mode(ltl iilhlcl' tlt(' tistal spatial
Clission iitstirt'ii'its ,wt'rt takt'i at ztenithi andt att latrger tdtpeindence atlonig with a couiplinig term b~etweten the
/t'lith illd'S w-ith tite. tt'ltsctipt t'limpp'r off ill orde'r to spatial and sptectral axtes. The Cioipliing term was (leter-
flatt fieltd pixels paratll'l to the( slit ieutgli. [lie sky signals mindill i t least-squtares fbishion its the value given abtve.
art- comiiposedt ofI at citistait offset tt'iin (tit' tt'h's-opt' e l atussiani Fit rtemotv'd~ both the slope lhifuircattioll and
ha.-kgrttind atind eh't-troniics ofF~t'ts) alit tt'iii froptir- tihe shift of'spatial peatk wvith wavelength.

air ilasses is, thius propo~irtionaiil to di-tictn- respoiisivitv. i5. Observational Results
Hltivc rt'sjpoist's ii'siit for monoicii roma-ticti p~ixels paral- 5. 1 ()bsccred Star-s
lii to the t bu slit edgi'. lFiii' relativt' rtspoiises tifall pixels For the pirpost's of' thit p)resenut pape(r wec limit tour
ill tlti' arril wi% re sit hn cotiiitiig thet spec(t ral atnd( spatt ial tdistuio I to it st't of' thIti-e statrs taken tfriom the larger
ciiltratiinis. lii fpractict-. titi' rt'spoitsivitv %ariatioti for Obse'rvinig list oif' LeVan andi~ Sloan ( 1989). The three stars
pi-IS inl ht'l prestlit arrayv is \t'I-\ low (liss thani 5Y/ iis) at, rt' i-rtsentativt of' three dilstinict classes: txvgen-rich
wilicli Is dIii ill ppart to tlit low o\vrall irr-a\ rt('sl)Oi\Itsiit statrs with strong silicate enmissioni (111C 1 10420), carbotn
sit Tahie I .stars -with siliconl carbidtet temission (V ( X-gili. and late-

4.DaaReutintyp~e stars halivig p~resumel(d pitospheric radiation I'r
4. l~aa BedutitinWhich it blaekliody spt'ctral (list rihllitiot is atdoiptted (Arctli-

1. 1 Outpiut Frame' (oaldituli rims). The'st' thrt't statrs were obhservted onl 1988 June 4 UT
ltt hfiiiit's tralni h'rrtd front tlt(' coadditionl t'let-ttu- with at least f'inr t'xj)01rcs (its tlefiiied iii St'ction 4. 1)

ics lia',t uteri -oatdd tl'tlil(dll v' 2-stc- intt'rval each. '['lie iisotite flux levt'l-s of'the spe(ctritwe rt'se t uising
co-i-ispniiithi toi 5 or 7 'ho ay irrdop cycli's). thei I I -v±in flux shlownl ini Figure 4 for -t rctuirms. The(
WA. dIim ite vti posurt' its, W sut-h firatints, iii groutps 0ii20 unit'taintx ill thel absolutt' levels given by repeatted expt)-
clIr-spo)11li g to it fi[xid( tcest-ipt' titd position. E'xpo- sorets is e'stimatt't itt 25/( . We plot tilt' shutiif'spt'ctra over
sirt's art' jiriietsst't h\ lpiir-wxist' tlifltremcirig of' f'ralicts thei spatti poillt-sp)readatlfinuctioi iii Figuiu-t 4. Spec'tra
t-trrespowiidii tot titi' pousitive' antd tit(' netgattive' flt 1 pilsi- have~ lcIt''i rt'gritltt'( til it liitt'ir Watvelength Sea]tl siuig
tionls. 'liii rmilii slint tiof tr' il-lf('tl(i( fi'aiuts I BAl'. its tdescribt't inl Sec'tion :3.
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